Background Patients with non-or minimally displaced distal radial fractures, that do not need repositioning, are mostly treated by a short-arm cast for a period of 4 to 6 weeks. A shorter period of immobilization may lead to a better functional outcome. Purpose We conducted a randomized controlled trial to evaluate whether the duration of cast immobilization for patients with non-or minimally displaced distal radial fractures can be safely shortened toward 3 weeks. Materials and Methods The primary outcomes were patient-reported outcomes measured by the Patient-Related Wrist Evaluation (PRWE) and Quick Disability of Arm, Shoulder and Hand (QuickDASH) score after 1-year follow-up. Secondary outcome measures were: PRWE and QuickDASH earlier in follow-up, pain (Visual Analog Scale), and complications like secondary displacement. Results Seventy-two patients (male/female, 23/49; median age, 55 years) were included and randomized. Sixty-five patients completed the 1-year follow-up. After 1-year follow up, patients in the 3 weeks immobilization group had significantly better PRWE (5.0 vs. 8.8 points, p ¼ 0.045) and QuickDASH scores (0.0 vs. 12.5, p ¼ 0.026). Secondary displacement occurred once in each group. Pain did not differ between groups (p ¼ 0.46). Conclusion Shortening the period of immobilization in adult patients with a nonor minimally displaced distal radial fractures seems to lead to equal patient-reported outcomes for both the cast immobilization groups. Also, there are no negative side effects of a shorter period of cast immobilization. Therefore, we recommend a period of 3 weeks of immobilization in patients with distal radial fractures that do not need repositioning.
Distal radial fractures (DRF) account for up to 20% of all extremity fractures. 1 Optimal treatment is important, as the injury-related loss of function in the wrist can lead to occupational disability, decreased school attendance, lost work hours, loss of independence, and lasting disability as well as significant medical costs. 2, 3 Most patients with non-or minimally displaced DRF can be treated nonoperatively with short-arm cast immobilization alone, with excellent functional results.
4,5
Current practice is a short-arm cast for 4 to 6 weeks.
2,6
Previous results might suggest that a shorter period of immobilization could be safe, and may accelerate and enhance functional recovery.
7-10
Some authors believe that 3 weeks of cast immobilization could be sufficient. 7, 8 It is even stated that nondisplaced DRF do not need stabilization by cast immobilization at all, perhaps only for pain relief. 9, 11 Most DRF are at risk to displace within the first 2 weeks; only 7 to 8% displace after this time period.
11-13
To assess the clinical controversy of the duration of the immobilization period, we conducted a randomized controlled trial. Three weeks of short-arm cast immobilization was compared with the mean regular period of immobilization of 5 weeks in adult patients with non-or minimally displaced DRF. We hypothesize that 3 weeks of cast immobilization lead to better patient-reported outcomes after 1 year compared with 5 weeks of cast immobilization and that this treatment does not lead to more complications.
Materials and Methods
Three weeks of short-arm cast immobilization was compared with 5 weeks of short-arm cast immobilization in adult patients with non-or minimally displaced DRF. Only stable fractures were included in this study. Potential unstable fractures like Smith fractures and displaced fractures were excluded. In the DRF included in the study, no reduction, manipulation of the fracture, or molding of the cast was performed. Criteria for minimal displacement were based on the Lindstrom's criteria: dorsal angulation < 15°, volar tilt < 20°, radial inclination < 15°, ulnar variance < 5 mm, and an articular step-off < 2 mm.
14

Inclusion Criteria
• Age > 18 years.
• Non-or minimal displaced DRF.
Exclusion Criteria
• Fracture of the contralateral arm.
• Preexistent abnormalities of the fractured distal radius.
• Open fractures.
• Fractures with associated instability (e.g., displaced and reduced fractures and Smith fractures).
Randomization, Blinding, and Follow-Up
Patients were informed about this study at the emergency department, after checking the above-mentioned inclusion and exclusion criteria. After obtaining informed consent, patients were randomized into the intervention group (3 weeks short-arm cast immobilization) or in the control group (5 weeks short-arm cast immobilization). Permuted block randomization using a computer-generated randomization schedule was used. To prevent bias, stratification by age (< 60 or ! 60 years of age) and gender was performed.
As there is no evidence that the type of cast or removal of the cast has any impact on redisplacement, we chose to treat all patients in a short-arm cast in neutral position.
15,16 After 3 or 5 weeks, according to the randomization, the cast was removed. After the cast immobilization period, all patients were treated according to the after-treatment protocol:
Patients were motivated to start mobilization directly after removal of the cast. Physiotherapy was not generally advised. None of the patients received a resting splint after cast removal. Follow-up was performed at the outpatient clinic at 1 week, 3 or 5 weeks, 6 weeks, 3 months, 6 months, and 1 year after the initial trauma. At these points, an X-ray was performed to determine secondary displacement. The ethical committee approved the protocol.
Outcome Measures
The primary outcome of this study was patient-reported outcome, measured by the Patient-Related Wrist Evaluation (PRWE) and Quick Disability of Arm, Shoulder and Hand (QuickDASH) score after 1-year follow-up. The PRWE is a questionnaire to evaluate the patient-reported outcome in patients with disorders of the wrist. The minimal clinically important difference (MCID) of the PRWE is 11.5 points. Pain and function are scored on a 0 to 10 scale, summed to a score between 0 and 100, with 0 being the best possible outcome and 100 the worst. 17, 18 The QuickDASH score is another questionnaire to evaluate patients with disorders involving the joints of the upper limb, with a MCID of 14 points between groups. Patients can score pain and functional outcome on a 1 to 5 scale, where 1 is the best possible outcome and 5 the worst. The total sum will be counted and converted by a formula resulting in a 0 to 100 score, where 0 is the best possible outcome and 100 the worst.
19,20
Secondary outcome measures were: PRWE and Quick-DASH at 6 and 12 weeks and 6 months, pain (Visual Analog Scale [VAS]) measured by a pain diary, and complications such as complex regional pain syndrome (CRPS), mal-or nonunion, and secondary displacement.
Power Analysis
The primary outcomes were PRWE and QuickDASH score after 1 year. The MCID of the QuickDASH score is 14 points.
19 Based on a difference of 14 points, a sample size of 30 patients per treatment group was calculated with a power (1-β) of 80% and a type I error (α) of 5%, allowing a 10% drop-out. In total, 72 patients should be included in the study, 36 in each group.
Statistical Methods
Descriptive analysis was performed to compare baseline characteristics. For continuous data, the mean and standard deviation for parametric data or medians and interquartile ranges (IQRs) for nonparametric data were calculated. To determine whether differences between the two groups were significant, we log transformed the outcomes if the data were not normally distributed and we used linear regression analyses. Adjustments were made for age and gender. A p-value of < 0.05 was taken as the threshold of statistical significance.
Results
A total of 72 patients were included in this study, 36 in each group. Baseline characteristics of these patients are displayed in ►Table 1. Seven patients were lost to follow-up and another 19 patients had incomplete QuickDASH or PRWE scores after 1 year. This is shown in ►Fig. 1.
Primary Outcome
After completing the follow-up at 1 year, the intervention group (3 weeks cast immobilization) had statistically better functional outcome, as shown in ►Table 2. The median PRWE after 1 year was better in the 3-week group, 5.0 (IQR: 0-12. 
Secondary Outcome
In ►Table 2, the results of functional outcome after 6 and 12 weeks and 6 months for both groups are listed. Although patients who were treated with 3 weeks of cast immobilization showed better results (except for PRWE score at 6 months), the difference between the groups was not statistically significant. After cast removal, patients in the 3-week cast immobilization group did not mention to suffer more pain compared with the control group. Median VAS in the 3-week cast group was 3.1 (IQR: 1.0-4.8) and 2.6 in the 5-week group (IQR: 0.5-4.2), respectively (p ¼ 0.46).
During the study period, there were no complications in fracture healing. In both groups, no cases of nonunion or CRPS were noted. In both groups, one patient showed minimal secondary displacement of the DRF according to the Lindstrom's criteria.
14 However, both patients did not need surgical treatment or reduction of the fracture because of good patient-reported outcome.
Discussion
In this randomized controlled trial, we evaluated whether the duration of immobilization period in patient with nonor minimally displaced DRFs could be safely reduced to 3 weeks. This study showed that shortening the period of cast immobilization is safe in these patients. A higher rate of possible complications that might occur after earlier cast 
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removal, such as an increased number of secondary displacements of the fractures or increased pain sensation, was not found in this study. Although a statistically significant difference in patientreported outcome after 1 year in favor of the 3-week immobilization group was found, the MCID for both PRWE and QuickDASH was not reached. There was no significant difference during the follow-up at 6 and 12 weeks and 6 months. We do not have a clear explanation for the statistical differences between the patient-reported outcomes after 1 year, but this study has some limitations. Sixty-five patients completed 1 year of clinical follow-up, and only 7 patients were lost to follow-up. However, only 46 patients (64%) completed all the PRWE and QuickDASH scores (►Fig. 1). Some patients were lost to follow-up and others were not motivated to participate anymore. As shown in ►Fig. 1, more patients were lost to follow-up in the 5-week immobilization group. Furthermore, in this group less patients completed the questionnaires after 1 year. However, it is not totally clear why this was the case. One might assume that the patients in the 5-week immobilization group were less motivated to participate in this study and complete the questionnaires, because they received the regular period of immobilization. It is also possible that patients did not return to follow-up after 1 year, because they were free of complaints and recovered uneventful. Though, it is to be expected that patients who were not fully recovered would visit the clinic on their scheduled appointments. Therefore, one can assume that the functional outcome of the patients lost to follow-up was at least equal to the patients who were not lost to follow-up. Although only a drop-out of 10% was anticipated in the power analyses, 33% of initially randomized patients did not complete the PRWE and QuickDASH score after 1 year. The data of patients who did not complete the study of 1-year follow-up were considered as random missing data and therefore only the available data were analyzed and the number of available questionnaires is shown in ►Table 3.
The difference in functional outcome was measured using PRWE and QuickDASH; both are scores specific for functional outcome of the upper extremities. PRWE is the most responsive instrument for evaluating patient-reported outcome of DRF. 17 The QuickDASH is considered to be the most appropriate instrument for evaluating patients with disorders involving the joints of the upper limb.
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In this study, the PRWE and QuickDASH score were used to analyze a homogenous group of patients, with nondisplaced DRF.
At present, the majority of DRF are treated nonoperatively. Also, there has been a dramatic rise in open reduction and internal fixation (ORIF). 16, 21 Nevertheless, whether long-term outcomes after ORIF are superior to nonoperative treatment is still a matter of debate. 3, 15 The complication rate of nonoperative treatment of DRF is 0 to 13.5%. [22] [23] [24] The overall complication rate after ORIF is 16.5%, with 7.7% major complications being hardware failure, tendon rupture, or carpal tunnel syndrome. 25 According to the literature, the complication rate of Kirschner wiring is even higher: 26 to 28%.
26,27
As surgical treatment is associated with considerable risks, it should only be recommended to those patients for whom there is a risk that nonoperative treatment could lead to unsatisfactory functional result, for example, in case of secondary displacement. In this study, we examined only patients with non-or minimally displaced (stable) DRF. As these patients do not suffer significant displacement, there is no need for ORIF. Besides, it is thought that ORIF in these patients will not speed up the recovering process compared with an immobilization period of 3 weeks. Instable fractures as displaced and reduced DRF and Smith fractures were excluded from this study.
28
The results of this study are in accordance with the existing literature on this topic. The big difference is that in this study a homogenous group of patients with stable non-or minimally displaced DRF were included. A prospective study for conservative treatment of DRF with non-or minimal displacement concluded that 3-and 5-week cast immobilization leads to equally good results. The functional outcome was measured by the Gartland and Werley functional score.
7
A study in patients who underwent reduction of their displaced DRF followed by cast immobilization showed comparable range of motion 1 year after initial 3 or 5 weeks' cast immobilization. Patients who received 3 weeks immobilization after reduction experienced less pain and had improved grip strength compared with the 5 weeks immobilization group. 10 In this study, the Gartland and Werley functional score was used to assess functional outcome. This score provides an assessment of the functional outcome, amount of pain, strength, and time to union. We did not use the Gartland and Werley functional test as its use has not been validated. Others assessed outcome following cast immobilization of both nondisplaced as well as severely displaced DRF.
29,30
Functional outcome seems to be good in both studies. Although patients were not randomized, different periods of cast immobilization for nondisplaced and displaced DRF were used, as well as different types of casts. Therefore, we were not able to extrapolate these results to the results of our study.
The most important conclusion to be drawn from our study is that earlier cast removal will not lead to more complications like secondary displacement or more pain. Besides, patientreported outcomes seem to be at least equal in both the 3 and 5 weeks cast immobilization groups. Therefore, we recommend that cast immobilization for non-or minimally displaced DRF can be safely discontinued after 3 weeks.
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